International Year of Light and Light-based Technologies

2015, a year dedicated to light
On 20 December 2013, the United Nations General Assembly proclaimed 2015 the International Year of Light and Lightbased Technologies (IYL2015). Like water or food, also light is a basic necessity. Without light, life as we know it would not exist. The entire world benefits from advances in the science of light and its applications. Light-based technology has a broad impact in various fields, from medicine to food, communications to energy, and therefore undoubtedly has the ability to improve and revolutionise our quality of life.
IYL2015 is a global initiative that intends to put the spotlight on the importance of light and optical technologies in our lives, for our future and for the progress of society. This initiative aims to increase the knowledge and awareness of each of us on the crucial nature of light as an energy source, driver in the development of education, in telecommunications, in health and in agriculture. Light-based technologies, in fact, can promote sustainable development and provide solutions to global challenges such as in the fields of energy, communications and so on. 
A year of anniversaries and celebrations of light
According to the UN, there could not be a better year than 2015 for this celebration. In 2015, in fact, there are a number of important anniversaries in the history of the study of light. In 1015, Ibn Al-Haytham wrote his book "Optics" and was the first to describe the functioning of the dark room, he studied the structure of the eye and the mechanisms of vision. In 1815, Augustin Jean Fresnel published "Premier mémoire sur la diffraction de la lumière", which introduced the wave theory of light. In 1865, James Clerk Maxwell published "A dynamical theory of electromagnetic field", in which he demonstrated that light is an electromagnetic wave. In 1915, the theory of general relativity developed by Albert Einstein demonstrated that the gravitational field has important effects on light and predicted that the rays of light coming from a star are deviated in proximity to the Sun, since the space-time fabric is curved by the solar mass. In 1965, Arno Penzias and Robert Wilson discovered "cosmic background radiation", a distant echo of the Big Bang. Again in 1965, Charles Kao, researcher at the Standard Telecommunication Laboratory (British giant in the production of telephone cables), sensed that the attenuation of the optical fibre (patented in 1956) was caused by the impurities in the glass anddemonstrated that it was possible to develop optical fibre with very pure glass to carry luminous energy, even over long distances. That intuition launched the telecommunications and Internet era. So what better year than 2015 could have been chosen to celebrate light and all the important discoveries that have brought us to the present day?
Big Bang…and then there was light!
When was light born? To answer this question we must go back to the formation of the universe and, therefore, to the Big Bang. A few moments after the Big Bang, about 14 billion years ago, the universe was in a phase of rapid expansion. At that phase, the Cosmos was incredibly dense and hot, so much so that light was not able to propagate in it. We speak of the Universe opaque to light, since the latter underwent continuous collisions and interactions with other particles (matter), in particular with electrons which at the time roamed freely. The expansion of the Universe led to a gradual lowering of the temperature, down to a temperature below 4000 degrees Kelvin, in which the final break between matter and radiation occurred. From this moment, called radiation and matter decoupling, light was free to move in the immense Universe which had become transparent to luminous radiation. The photons were able to move undisturbed. This is the light that we call Cosmic Background Radiation. So it is not the light produced in the Big Bang, but that which happened approx. 380,000 years later. This explains why it is not possible to directly observe the first moments of the Universe!
Light in nature
Sunsets, rainbows, the nuances of the sea that go from blue to green and the huge range of colours of plants and animals... are just a few examples of the rich variety of optical phenomena in nature. Our first experience of light and colour is through what we see in the natural world, the wonder and beauty of natural optics is everywhere. Let us take a look at some examples of natural phenomena that exist thanks to the light… Photosynthesis "Life is air interwoven with light"-Jacob Maleschott
The process that converts the energy of solar radiation into chemical energy staring from carbon dioxide and water is called photosynthesis. Thanks to the photosynthesis process, green plants synthesise by themselves the organic substances (carbohydrates) necessary for their survival. They are therefore called autotrophic organisms. All other organisms that are not able to complete the photosynthesis process, such as animals and humans, are called heterotrophic organisms. Heterotrophic organisms can synthesise the molecules that make up their body only starting from the organic molecules contained in food (plant or animal). Plant species, therefore, represent a key element for the equilibrium of nature and for the life of other living species. A seemingly simple process, photosynthesis is actually very complex and is the basis from which all our food and many important resources that we use, such as fossil fuels, comes. Suffice it to say that 97% of biomass is represented by plants, able to support the remaining 3%, consisting of the remaining living beings, including humans.
Sunrises and sunsets
At sunrise and sunset, solar radiation reaches the ground with a very low angle of incidence, so the solar rays must pass through a thick layer of atmosphere, in particular the lower layers, those richer in dust and humidity: these diffuse more radiation with longer wavelengths and therefore the sky appears red or orange. The greater the amount of dust in the air, the more "colourful" will be the sunsets and sunrises. Rainbow
The rainbow is a phenomenon that has always fascinated man, on the one hand because it marks, in general, the approaching end of a storm, and on the other due to the spectacle provided by its colours. On rainbows myths and legends have flourished:for the Greeks, it was the visible manifestation of the messenger of the gods, according to the Nordic legends, at the end of the rainbow was buried a magic pot containing a fabulous treasure.
In reality, it is a simple optical phenomenon, due to the refraction that white light undergoes when going through drops of water: like light that passes through a prism, the sunlight passing through a drop of water is refracted and decomposed into its various constituent wavelengths. Unlike a prism, through which we can see all the visible wavelengths of the spectrum at the same time, we can only see one colour, only one wavelength for each drop, depending on the height with respect to us and on the angle at which the light refracted by the drop reaches our eye. The sunlight simultaneously hitting millions of microscopic water droplets then undergoes refraction through each of them (in reality, the light undergoes a double refraction, entering and exiting the drop). The result is that we see a series of concentric arcs with bands of different colours drawn in the sky. The colours are those that derive from the decomposition of the visible spectrum into the various wavelengths and they are always in a precise order (according to wavelength) from violet, in the innermost arc, to blue, green, yellow, orange and finally red in the outermost arc. Auroras
The Sun emits a flow of charged particles in space, which can be attracted by Earth's magnetic poles. These charged particles interact with the molecules present in the upper atmosphere of the Earth, creating the wonderful spectacle of the aurora. The ones we observe at the North Pole are called aurora borealis, while those visible towards the South Pole are aurora australis.
Sunset, rainbow, polar aurora... the multiple facets of light in nature.
After electronics, photonics
For UNESCO, 2015 symbolically marks a change of era: the transition from electronics to the photonics era, i.e. from technologies that use electrons to technologies that use photons, i.e. light. We all use photonic devices: optical fibre that allows us to rapidly browse the Internet, cameras and video cameras that we use to capture images of the world, photovoltaic panels that bring electricity to our homes and CD players with which we listen to our favourite music are just some examples of photonics. But what is photonics? It is a branch of optics that studies the methods of control of propagation of the photons that constitute light. The term photonics was coined in the Bell Laboratories (United States) following the invention of the laser in 1960, in analogy with the term electronics, to describe all the potential applications related to the transmission of information by this new radiation source, as an alternative to the devices (e.g. transistors) that use electrical currents and, therefore, electrons. Following the increase in applications arising from this new source of photons, the term photonics rapidly extended its meaning to include both the scientific discipline that studies the generation of radiation itself, as well as the range of applications, increasingly broad and diverse, that use laser sources.
Today photonics is everywhere: in consumer electronics (barcode scanners, DVD devices, TV remote controls, etc.), in telecommunications (Internet), in medicine (eye surgery, medical instruments, etc.), in manufacturing (lasers to cut and forge materials, etc.), in defense and security devices (infrared cameras, remote monitoring, etc.), in entertainment (holography, laser lights, etc.), and so on. For the 21st century, photonics will be even more important than electronics was for the 20th century. Photonics today represents the driving force for technological innovation, it is the science of the future.
Blinded by the light!
Floodlighting at night until it almost disappears is a great achievement in terms of progress and technology, but what are the real effects of the disappearance of the dark? When man alters the levels of light naturally present in the night environment we speak of light pollution. In other words, the pollution of natural light produced by artificial light.
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As can be seen from this famous NASA image that captures our Earth seen at night from space, light pollution is a problem affecting the areas most densely populated and most developed from an industrial point of view and which causes damage of various kinds: environmental, cultural and economic. The first to highlight this problem were precisely astronomers and amateur astronomers: light pollution, in fact, represents a major obstacle in studying the sky. In 1958 in America the first law for the protection of the night sky was passed in order to protect an important observatory in Arizona. The problem continues to grow, due to the increase in population and urban areas, so much so that astronomers have had to withdraw to desert areas to continue to study the sky. Another very important aspect related to light pollution is energy waste. The main cause of light pollution, in fact, are the street lights that scatter light and can waste more than 50% of the energy they consume. Many street lights used to illuminate roads and cities are inefficient because they do not use the light correctly to illuminate the ground and allow night vision. The remaining light not instrumental to night visibility is wasted because it goes directly into the sky or becomes "intrusive" light, which disturbs people, plants and nocturnal animals. Far from being only a problem for astronomers and lovers of the sky, light pollution in fact causes many types of environmental damage such as difficulty or loss of orientation in animals (migratory birds, sea turtles, moths), alteration of the photoperiod in certain plants, alteration of circadian rhythms in plants, animals and man (for example, the production of melatonin is blocked with very low levels of light) and habitat destruction (nocturnal) of many animal species (bats, insects, reptiles). How is light pollution dispersed? Light pollution is dispersed from the light source due to the presence of the atmosphere. Moreover, the thicker and more opaque the layer of atmosphere that the light passes through, the greater is the dispersion. The atmosphere has the same effect on the light of the street lights as it has on that of the Sun: it disperses it preventing us from seeing the stars. In fact, if there were no atmosphere, we would see the same starry sky during the day that we see at night.
The five criteria for correct lighting
Light pollution has many adverse effects and no positive side, other than the possibility for astronauts to see the Earth shine from space! There are, however, 5 basic criteria for correct lighting, which can be applied to reduce light pollution and the problems it causes.
1st CRITERION: How to illuminate -Control of the direct light flow. The easiest way to reduce light pollution is to use shielded street lights . The bulb is completely contained in the lighting body, the light is not dispersed but channelled where it is needed. Street lights of this type are called "full cut-off".
2nd CRITERION: How much to illuminate -Control of the indirect light flow. The second step to eliminate waste is to calibrate the amount of light for illumination. It is necessary to calibrate the power of the bulbs in an optimal manner, limiting light pollution. Certainly, it will never be possible to eliminate the quantity of light that is dispersed since, to be able to see at night, a certain amount of light radiation must necessarily "rebound" upwards.
3rd CRITERION: What to use -High efficiency light sources. To reduce waste of electricity it is necessary to use modern and efficient light sources. There is a parameter which, for the same electrical power consumed, indicates how much light is emitted by the source. With the same amount of electricity consumed, sources emitting more light are preferred.
4th CRITERION: Optimisation of lighting systems. We must then assess the number of street lights to be installed, optimising the distance between the lamp posts and their height. The minimum ratio to be maintained for almost all Italian regional laws is 3.7: therefore, for example, 10 m high lamp posts must be installed at a distance of at least 37 m from each other.
5th CRITERION: Light management. The last aspect to be included to save energy and reduce light pollution is correct lighting management. Very often we see the deserted night streets or cycle routes floodlit, at any time of night. Today it is possible to reduce illumination after a certain time at night, while still ensuring safety on the roads. Regulation of illumination can be done automatically with programmable devices (flow reducers). In this way, the illumination of busy streets in the early evening, which therefore require bright light, can be reduced with the onset of the night.
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